Introduction
When an electron accelerates through a potential difference, the potential energy of an electron-field system in converted into kinetic energy of the electron. The potential difference that has accelerated the electron could be used to calculate the velocity acquired by the electron. If the accelerated electron enters the magnetic field, this magnetic field will deflect it in a circular path (unless it is parallel the electron's velocity). The radius of the circular trajectory depends on the centripetal acceleration produced by the magnetic force which, in turn is depends on both the velocity of the electron and the magnitude of the magnetic field.
The PASCO e/m Apparatus (Figure 1 ) consists of a vacuum tube in which a beam of electrons is accelerated by a potential difference to a certain speed. A pair of Helmholtz coils produces a uniform and measurable magnetic field perpendicular to the electron beam. By measuring the accelerating potential (V), the current to the Helholtz coils (I), and the radius of the circular path of the electron beam (r), the ratio e/m of the electron will be calculated.
The socket of the vacuum tube does rotate, allowing the electron beam to be oriented at any angle (from 0-90 degrees) with respect to the magnetic field from the Helmholtz coils to examine the vector nature of the magnetic forces on moving charged particles.
The magnetic force (Fm) acting on a charged particle of charge q moving with velocity v in a magnetic field (B) is given by the equation: Fm = qvBsinΘ. Since the electron beam in this experiment is perpendicular to the magnetic field, the equation can be written as: = , where e is the charge of the electron.
Since the electrons are moving in a circle, this force is producing a centripetal acceleration of magnitude
Applying Newton's 2 nd Law,
The kinetic energy acquired by the electron equals work done by the electric field that accelerated the electron. Therefore eV = (1/2) mv 2 or:
The magnetic field produced near the axis of a pair of Helmholtz coils, B, is
(Yes, this looks a little like the solenoid formula, = 0 /ℓ. The radius is even the distance between the coils, which is like the length of a solenoid. The difference is that the Helmholtz coil has 2 loops overall. Also, with the Helmholtz coil, the coils are bunched up at the two ends, whereas with a solenoid they are spread out along the length of the solenoid. This reduces the magnetic field of the Helmholtz coil by a factor of (4/5) 3/2 (Helmholtz coils are used because they allow a more open configuration and a more uniform magnetic field in the middle.)
Notice that both, value of charge and value of mass of the electron are still present in the expression for the velocity. Combining equation (1), (2), and (3) results in
Where:
• V = the accelerating potential • I = the current through the Helmholtz coils Figure 1 . The e/m Apparatus, which includes some controls to adjust the magnetic field.
Objective:
• To determine charge to mass ratio for an electron.
Data Collection and Analysis:
1. If you are working in a lighted room, place the hood over the e/m apparatus. 2. If you have the beige Uchida e/m Apparatus, check these settings for startup:
• Make sure the toggle switch is in the e/m MEASURE position.
• Turn the current adjust knob for the Helmholtz coils to the ON position. 3. On the power supplies, check these settings for startup:
• Table 1 : Recorded data and calculation results for the e/m experiment.
12. For each trial, calculate the experimental value of the e/m ratio using equation (4) 13. Average your e/m values for the three trials. 14. Compare it with the accepted value of 1.75×10 11 C/kg.
Requirements for the Report:
The report must contain a Header at the top (Title of Lab, Authors, and Date) Abstract Section must contain the following in paragraph form:
• Brief Introduction of q/m ratio and its importance in isotope identification. State the specific objectives of this lab and the accepted value of q/m for an electron. 
